Introduction: To investigate treatment outcomes after switching from ranibizumab to aflibercept intravitreal injections in patients with macular oedema (MO) secondary to branch retinal vein occlusion (BRVO). Methods: Eligible patients with refractory MO secondary to BRVO, post treatment with a minimum of three intravitreal injections of ranibizumab at 4-weekly intervals were recruited. Suboptimal or non-responders were defined as patients who had persistent intraretinal fluid (\ 75% decrease from baseline) despite a minimum of three consecutive injections. These patients were switched to aflibercept injections on an as-needed basis. The primary study outcomes assessed trends in best-corrected distance visual acuity (BCVA) and central retinal thickness (CRT). To compare means of BCVA and CRT, a paired t test two-tailed with a level of significance set at 0.05 was used. Pearson correlation coefficient was also applied to
INTRODUCTION
Branch retinal vein occlusion (BRVO), a relatively common vascular condition affecting the retina, has an incidence of 0.5-1.2% [1] . It is associated with multiple complications such as retinal ischaemia, neovascularisation and macular oedema (MO). MO occurs as a result of several mechanisms and is rarely shown to improve without medical intervention [2] . It is often associated with significant visual loss resulting in debilitating consequences to patients, further emphasising the need for clinicians to identify and manage this group of patients urgently.
Management of patients with MO secondary to BRVO has evolved over the last few decades from the use of grid/sectoral laser as the old gold standard to much newer therapies, involving intravitreal dexamethasone and anti-vascular endothelial growth factors (anti-VEGF). Recent innovative research focusing on the use of these modern therapies such as anti-VEGF therapy to treat MO has shown particular promise due to overall efficacy. In BRVO with MO, there are a plethora of clinical trials supporting the effectiveness of anti-VEGF therapies aflibercept and ranibizumab. Ranibizumab was the first anti-VEGF agent to gain approval in the UK for the management of MO secondary to BRVO in 2013 [3] . Its approval was based on the BRAVO study, which showed that the mean gain in BCVA at 6 months was 18.3 letters with 0.5 mg ranibizumab in comparison to 7.3 letters with the sham injection [4] . On the basis of the VIBRANT study in 2016, aflibercept was licensed for treating MO secondary to BRVO [5] . Despite similarities of the two anti-VEGF agents, the pharmacodynamics of aflibercept and ranibizumab differ greatly. Aflibercept is known to bind with a greater affinity to VEGF resulting in reduced permeability of vessels [6] . It blocks VEGF-induced activation of VEGF receptor 1 and 2 (VEGFR-1/2) with 71 times greater potency than ranibizumab. This added property further supports the rationale of switching anti-VEGF treatment in cases demonstrating persisting MO after ranibizumab treatment. This theoretical and potential benefit in trialling the switching of therapies in BRVO with MO is supported by evidence of success from studies undertaken assessing the benefits of switching anti-VEGF agents in age-related macular degeneration (ARMD), and retinal vascular conditions such as central retinal vein occlusion (CRVO) with secondary MO and diabetic macular oedema (DMO). In all these retinal conditions, an overall significant improvement was demonstrated in both vision and anatomy of the retina [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] .
To date, a limited number of studies have published data to assess the effects of switching therapies (anti-VEGF) in patients with BRVO with MO [22] [23] [24] . The purpose of this study is to add to this growing evidence of alternative treatments in patients with refractory MO secondary to BRVO, in order to gain a better understanding of the clinical effects of switching treatment from ranibizumab to aflibercept. The study further aims to assess the number of aflibercept injections necessary to achieve resolution of MO.
METHODS
A prospective audit was conducted in a tertiary retina service at the University Hospitals of Leicester, UK. Ethics approval was not requested, as the data was collected from an audit on current clinical practice (non-interventional) in the Ophthalmology Department of the University Hospitals of Leicester. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study.
The following inclusion criteria were applied: all subjects aged at least 18 years (all sexes) diagnosed with BRVO and centre-involving MO (within the five central ETDRS subfields on SD-OCT; 3D OCT-2000) with an ability to understand the purpose of treatment switching.
The exclusion criteria applied included MO not-related to BRVO; known ocular conditions that could affect MO or alter BCVA (e.g. vitreomacular traction; DMO); previous treatment of MO with focal laser; presence of iris/angle/optic disc neovascularisation or elsewhere; neovascular glaucoma; vitreous haemorrhage; previous vitrectomy; and uncontrolled glaucoma (greater than 30 mmHg measured with Goldmann applanation tonometer).
At presentation, all patients underwent a thorough systemic and ocular history. This was followed by a thorough ocular examination including intraocular pressure measurement, best corrected distance visual acuity (BCVA) assessment and dilated fundus examination. Patients underwent 4-weekly SD-OCT examinations (3D OCT-2000, Topcon Corporation, Tokyo, Japan) in order to measure the central retinal thickness (CRT) (measured from the thickness map of the OCT platform). Both BCVA and CRT were recorded after every examination visit, at 4-weekly intervals. These changes in CRT recorded were used to assess the response to both types of anti-VEGF treatments and form the basis of the primary outcome of the study.
In patients demonstrating suboptimal response or no response (non-responders) after treatment with a minimum of three ranibizumab 0.5 mg (Lucentis Ò 10 mg/ml, Novartis Pharmaceuticals UK Ltd) injections at 4-weekly intervals, switching to aflibercept 2 mg (Eylea Ò 40 mg/ml, Bayer plc) was performed. A suboptimal response was defined as a combination of a decrease in CRT by 25-75% from the baseline plus the presence of persisting subretinal or intraretinal fluid. Non-responders were defined as eyes presenting 0-24% decrease or increase in CRT after the first three monthly ranibizumab injections. These patients underwent switching after the third ranibizumab injection to aflibercept. In cases of suboptimal or non-response, treatment was switched to aflibercept injections on an as-needed basis. The duration of followup after initiation of aflibercept injection was 24 weeks.
Responses to the switched therapy were assessed at 4-weekly intervals until complete resolution of MO was noted.
All data were collected were analysed using Microsoft Excel 2007 for Windows (Microsoft Corporation, Redmond, WA, USA) and IBM SPSS Statistics software package (SPSS Inc., Chicago, IL, USA). To compare means of VA and CRT, a paired t test two-tailed with a level of significance set at 0.05 was used. Pearson correlation coefficient was also applied to demonstrate correlation.
RESULTS
The recruitment of patients took place between January and February 2017 and 38 eyes of 38 consecutive patients (19 women) with MO secondary to BRVO with a mean age of 72.9 ± 9.8 (45-88) years were studied. Table 1 demonstrates the collated demographic data and clinical characteristics of the 38 patients recruited.
All patients recruited had documented evidence of MO secondary to BRVO refractory to 0.5 mg of intravitreal ranibizumab injections. The persistence of MO despite initial treatment classified their response to be suboptimal. Consequent switching of anti-VEGF treatment to 2 mg/0.05 ml intravitreal aflibercept was implemented in lieu of this poor response.
At presentation, the mean CRT of treatment naive patients was 443.84 ± 98.35 lm, with a mean BCVA of logMAR 0.65 ± 0.33. In a mean 358 lm) . As per the primary outcome of the study, a significant mean reduction in CRT of 98.34 lm (p \ 0.001) was noted after switching treatment. It was also noted that the changes in mean BCVA showed a statistically significant improvement from logMAR 0.66 ± 0.38 to logMAR 0.57 ± 0.27 (p = 0.025). These findings are further demonstrated in Fig. 1 .
This study also noted several other important findings. A statistically significant correlation between CRT and BCVA at presentation (Pearson correlation coefficient r p = 0.969) was noted. However this correlation was not sustained after switching treatment (r p = -0.17) as shown in Fig. 2 . The study further demonstrated a statistically significant correlation between the number of ranibizumab injections with BCVA after switching (r p = 0.374).
A further subanalysis of the suboptimal and the non-responders to ranibizumab shows that both groups benefited from switching to aflibercept. The non-responders (13 
Throughout the study, all patients were screened for complications associated with the treatment of anti-VEGF therapies. Side effects assessed included endophthalmitis, significantly elevated intraocular pressure, retinal tears or detachments and thromboembolic events. In this study no side effects were reported or noted on follow-up in relation to the intravitreal injections. 
DISCUSSION
In this study population, the efficacy of switching anti-VEGF agents is supported in patients with refractory MO secondary to BRVO. Few studies have focused on the use of aflibercept as a second-line agent in non-resolving MO in BRVO. These include a recent study by Tagami et al. who reported prolongation of the mean intravitreal injection interval after switching treatment from ranibizumab to aflibercept. However, no changes in mean CRT and BCVA were demonstrated after the switch [23] . These findings are further supported by Wirth et al. who reported that switching of treatment not only showed anatomical benefits but also a statistically significant prolongation of the retreatment interval [24] . Sakanishi et al. also reported a short-term beneficial anatomic and functional outcome in patients whose treatment was converted from ranibizumab to aflibercept [22] . This study therefore aims to act as a stepping stone regarding the decision of switching of anti-VEGF therapy, with the primary aim of improving macular integrity and/ or visual acuity.
Parameters such as BCVA and CRT are frequently used to assess/monitor responses to anti-VEGF therapy. This study investigated the benefits of the use of aflibercept therapy in patients with refractory MO secondary to BRVO, demonstrating a statistically significant improvement in both macular anatomy, as represented by CRT, and BCVA after switching treatment. The study demonstrates resolution of persistent macular oedema (defined as CTR B 300 lm) with mean CRT after switching to aflibercept 275.83 ± 82.38 lm. These findings are consistent with the results of the studies by Sakanish et al. and Wirth et al. which reported that eyes with MO unresponsive to multiple ranibizumab injections demonstrated improvement anatomically after conversion to aflibercept.
However, Mantel at al. in their review of the literature on switching treatment of ARMD highlight that it is difficult to draw accurate conclusions with regards to the efficacy of changing anti-VEGF molecules because of different bias and lack of evidence in improving visual acuity. Aflibercept seems to be more effective in reducing CRT; however, it is not proven to be as effective in increasing visual acuity [25] . Interestingly, Quaranta and Devin [26] presented the outcomes of switching from a fixed dose aflibercept to ranibizumab pro re nata regime. The anatomical and functional outcomes remained stable without increasing the number of injections in all but one patient when switching from one drug to another.
The importance of tachyphylaxis has been also investigated by several authors [27] [28] [29] [30] . Dirani and Mantel [27] explored the role of tachyphylaxis and the possible correlation to the response to different anti-VEGF drugs in ARMD patients. It has been shown that eyes which developed a drug tolerance are more likely to improve after switching in terms of CRT; however, those results are not maintained over time. The outcome in the long run, particularly with regards to visual acuity, is dependent on several conditions where the history of the disease itself plays a key role. Binder [28] explained that tolerance and tachyphylaxis have been used as synonyms when describing the lack of effect over time of anti-VEGF molecules; however, these terms have different meanings. Pharmacodynamic tolerance means increased expression of VEGF due to increased macrophages, increased expression of VEGF receptors and changes in signal transduction. In order to reduce this effect there are different options, such as increasing the dose, shortening the interval, pausing the treatment, combining different drugs and switching to a different molecule with similar effect. Therefore, the anatomic improvement after switching from ranibizumab to aflibercept may not be due to a more efficient drug, but to a downregulation of antibodies and receptors binding the previous one. A similar beneficial effect is possible if the opposite switching of treatment is made.
Our study further demonstrated a strong correlation of BCVA and CRT at the initial presentation of the cases assessed. This correlation, however, was not shown to be statistically significant after switching treatment to aflibercept, whereby a significant decrease of CRT is observed without an equally significant improvement of BCVA. There are multiple possible causes that could be attributed to these trends. This finding could imply an irreversible damage of the fovea secondary to the presence of persisting intraretinal fluid in the suboptimal responders post first treatment. This proposed theory is supported by the initial observed correlation noted in the study between BCVA and CRT, but as a result of chronic exposure to the presence of intraretinal fluid, this correlation is no longer sustained. As a result, time elapsing between the actual onset of MO and treatment initiation is noted.
Alongside this considerable decrease of CRT compared to previous ranibizumab treatment, the most clinically significant finding was that MO resolved in all refractory cases. Achieving prompt restoration of macular thickness could have significant benefit for photoreceptors' viability and subsequently patients' central vision [31] . Additional benefits associated with the reduced number of intravitreal injections can have an extensive impact not only on patient care provided but also on service provision by relieving the burden of busy ophthalmology departments.
The correlation noted between CRT at the time of switching and the number of aflibercept injections needed for complete resolution of the MO further implies that more aggressive treatment needs to be considered by clinicians when faced with non-responders after switching from the first anti-VEGF treatment. These findings therefore highlight the urgent need for clinicians to identify suboptimal responders early and switch treatment in order to provide better treatment outcomes anatomically.
Whilst the basis of most studies focusses on improving macular anatomy or visual acuity, it is important to address other non-clinical benefits that can be implied from the data collated. The need for fewer injections with the use of aflibercept therapy in patients with refractory MO secondary to BRVO is duly noted from the data collated from this study. This observation is also supported by the results presented by Tagami et al. and Wirth et al. whereby both studies report significant extension of the interval between treatment episodes when aflibercept is used. This has significant implications on the costs of daily clinical practice as the treatment intervals could be extended without causing detrimental impact to patients. Reducing the number of intravitreal injections as mentioned previously is beneficial not only to patients but also to service providers in the current economical climate.
It is important to highlight that the present study had certain limitations. The design of the study did not include a control group. Moreover, BCVA and CRT were assessed after switching and for a period of 24 weeks. In terms of the course of disease development and progression, this study was based on a relatively short time period and therefore makes it difficult to extrapolate these findings over a longer time period in order to assess sustainability. Evidently, larger-scale studies need to be conducted to investigate the long-term effects of switching treatment to aflibercept.
Switching anti-VEGF agents has proven to be an efficient strategy in treatment of multiple conditions such as age-related macular degeneration, MO due to central retinal vein occlusion and/or diabetes, with variable results [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Whilst the overall trends with better outcomes are associated with switching, the potential impact of the use of alternative anti-VEGF therapies in managing persisting complications of these eye conditions is limited because of study design. It should be noted that despite previous studies in these other areas studying this switching regime, there is no clear definition to identify so-called responders and non-responders in the study of specific retinal disease. Therefore this study recognises the limitations of this inference and the importance of having a widely accepted definition in order to standardise studies that aim to assess the benefits of switching therapies. A wide consensus regarding definitions of response to treatment and consequently the optimal time for switching from one medication to a different one would play an important role in supporting this mounting evidence of switching therapies in non-responders.
CONCLUSIONS
Despite the limitations highlighted above, our study provides sufficient evidence demonstrating that switching therapy from intravitreal ranibizumab to aflibercept in this study of patients with persistent MO secondary to BRVO provides improved functional and anatomical outcomes. Aflibercept can therefore be considered to be a clinically effective alternative for patients with BRVO and MO which is suboptimal in response to ranibizumab.
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